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World Water Heritage

“Do We Really Respect our Water?”
----John Vaccaro, USGS

April 8, 2003



What I want to pose 
today:

Are we entering a Malthusian

‘cul de sac’?



“How do we balance human needs 
with  the requirements of natural 
systems?”
----National Geographic, “Earths’ Fresh Water Under 
Pressure,  September Issue, 2002



World Population (Billions)

0

1

2

3

4

5

6

7

8

9

10

0 500 1000 1500 2000
Year A.D. 

B
ill

io
n

s
 o

f 
P

e
o

pl
e

 This Morning:
 April 9, 2003 
 6.285 billion 

4 billion
(1975)

1 billion
(1850)

2 billion
(1930)

(United Nations Statistics Database,
Graphed by N. Romero for
Page Carter, Sr. 1/25/03;
Modif ied after Tarbuck/Lutgens 2002)



Millenium Development Goals 
(MDG’s) from the Johannesburg Earth 

Summit 2002:
By 2015, reduce by half the proportion of 
people without sustainable access to safe 

drinking water and without access to basic 
sanitation.



3rd World Water Forum, Kyoto 
Japan, March 2003:

• 422 Actions submitted

• Water Resource Security

• Deal with Water Scarcity

• Financial flows need to 2X











1500

1400

1300

1200

1100

1000

900

800

700

600

500

400

300

200

100

0

100

200

300

Toltecs (Tula 968 A.D.)

900 A.D. Migrate into Valley

Olmec (Gulf Coast)

Teotihuacan peaked 500 A.D.

(350 A.D to 700 A.D.)

Toltecs (Chichen Itza)

V
al

le
y 

of
 M

e x
ic

o

Maya (Yucatan)

Aztecs (arrive 1250 A.D.)Zapotecs 
and
Mixtecs

Oaxaca

Maya (Mayapan)

Monte Alban



Chalchiuhtlicue
“Lady of Water”

Principal God of the Aztec Empire



• Make cultural connection to science

• Show Mexican cultural history through the lens of 
hydrology -- role of hydrology in shaping a civilization

• Hydrologic science contributions of Aztecs poorly 
understood:

Tenochtitlan represented a gigantic hydraulic 
scheme based on land drainage and masterful 
manipulation of water resources

• Sustainability: We have yet to achieve anything like it 
today.







Estimated Annual Rates of Tablet Production
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Hydrosphere:  325 Million Cubic Miles    100% 

Ocean: 316 Million Cubic Miles 97.2%

Ice Caps: 7 Million Cubic Miles 2.15%

Ground Water:    2 Million Cubic Miles 0.618%

Lakes: 30 Thousand Cubic Miles 0.0088%

Source:  Feth, 1972  (Conversions: N. Romero)



Qua ntitie s  o f Wa te r in the  Hyd ro s p he re Cub ic  Kilo me te rs Cub ic  Mile s P e rc e nta g e s
(km^3) (mi^3)

Tota l Amount o f Wa te r In The  Hydros phe re 1,358,000,000.00    325,801,833    100%
Wa te r S to re d  in Oce a ns 1,320,000,000.00    316,685,140    97.20%
Wa te r S to re d  in/o n La nd 38,000,000.00         9,116,693         2.88%
Cryos phe re  (Ice  Ca ps  & Gla cie rs ) 29,200,000.00         7,005,459          2.15%
Othe r Wa te r (Ground  Wa te r; S o il Mois ture ; La ke s ; Ri 8,800,000.00            2,111,234         0.65%

Ground Wa te r 8,400,000.00            2,015,269         0.6186%
La ke s 120,000.00               28,790              0.0088%

Atmos phe re 14,000.00                 3,359                 0.0010%
S oil Mois ture 70,000.00                 16,794              0.0052%
S a line  La ke s 110,000.00               26,390              0.0081%

Rive rs 1,400.00                    336                    0.0001%



Va rio us  Wa te r Fa c ts km^3 mi^3 g a llo ns a c re -ft a c re s Cita tio ns
US  Ground  Wa te r Withdra wa ls  (Ye a rly)-1993 468.00 112.28              (1)

Da ily Eva pora tion on Globe 1,041.00 249.75              (1)

Flo rida  Aquife rs  (US ) Yie ld  (Ye a rly) 6.22 1.49                   
Florida Aquifers (US) Withdrawal w/ o Sea  H20 Intrusion (Yearly) 0.22 0.05

Actua l Withdra wa l (Ye a rly) 0.44 0.11  

 
Ce ntra l Va lle y Aquife r (CA) Acce s s ib le  Yie ld 308.00 73.89 2.50E+08

CA Ave ra ge  P re cip ita tion (24"/yr) 238.00 57.10 1.93E+08
 

Oga lla la  Aquife r He a d  Los s  (Avg 50') 690.00 165.54
Oga lla la  Aquife r He a d  Los s  (Avg  100') 1,479.00 354.83

  

La  Ma ncha  Aquife r (S pa in) Withdra wa l  Ye a rly 60,000.00 14,394.78         (3)
Ove r pumpa ge  of La  Ma ncha  Aquife r 20,000.00 4,798.26           

McAllis te r S prings  - Olympia  - Yie ld  (Ye a rly) 0.0239 0.0057 6.00E+09 1.84E+04
(Flow: 12,000 gpm) 0.0239 0.0057 6.31E+09 1.93E+04

All Dis cha rg ing  S prings  - Olympia  - Yie ld  (Ye a rly)

Edwa rds  Aquife r (TX) Yie lds  (Withdra w = Rch) Ye a rly 0.7893 0.1894 6.40E+05 (1)



Lo s s  Es tima te s km^3 mi^3 mi^2 a c re -ft a c re s Cita tio ns
Aq uife rs  

CA Aquife r Fra me work Colla ps e 24.6600 5.9163 2.00E+07 (1)
Oga lla la  Aquife r He a d  Los s  (Avg  100') 1,479.00 354.83

We tla nd s
La s  Ta b la s  (S pa in) Ca s tile -La  Ma ncha  (1900) 60,000         (2)

(2002) 14,000         
Dona na  We tla nds  (S pa in) - (1900) 370,000       

(2002) 75,000         
S ub  Tota l (S pa in) Los s  o f We tla nds *Est 4.1900 1.0052 341,000     

Tule  La ke  (CA) 100,000       (2)
(2002)  10,000

S ub  Tota l (CA) Los s  o f  Tule  We tla nds 2.2100 0.5302 90,000

Ma rs he s  o f Ira q- La rge s t We tla nd  in Midd le  Ea s t 60.9000 14.6107 7,725 (7)
(2002) 9.4719 2.2724 1,159       

S ub  Tota l (Ira q) Los s  o f We tla nds 51.4281 12.3383 6,566.25  
 

Gre a t La ke s  Fre s hwa te r S ys te m  94,000 (2)
41" He a d  Los s  in Gre a t La ke s  (2002)















Teotihuacan

Mexico 
City

10,000 years B.P.

Tenochtitlan

Aztec Time 1800 A.D.

Change In Size of Lake in Valley of Mexico 

Adapted from Back, 1981



Mexico City Subsidence 

13 feet

100 feet

1957 - 3000 Wells



Water Technologic Innovation and 
Water Economics



P = Po e^0.013t

W=Wo e^0.06t

Population Growth Rate Exceeds Our 
Water Usage Rate



Technologic Change

• Learning

• Invention

• Innovation 



Entrepreneurship drives economies

Allocation of resources for invention?  (Arrow, 1962)

What is going on in the market?    Firm behavior?

Many different types of Market Failure:  

•People aren’t always “price takers”

•Monopolies (dynamic views on R&D)

•Other Dynamics Involved

Should government finance research & invention?
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Apply? Groundwater Depletion Tax Valuation of Water

Incentives Cost Recovering Tariffs Regulation

Drive Technologic Innovation        Sustainable Economics



New Varieties of Food

Water Conservation 

Technologic Innovation

Eliminate Information Asymmetry

Visibility (Types of knowledge not at the table)

Public Learning Tools

Financial Mechanisms

Innovation in Governance

Transparency

Communities of Practice

Human Capability & Biogeophysical Imagination
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Leadership
• Widening the leadership path

• Bennet (1996) and Gardner (1995):

“The globe faces three extraordinary threats  including the threat 
of ‘annhilation’ of worldwide plague or ecological catastrophe 
and a deepening leadership crisis in most of the world’s 
institutions.”  

• Being better ‘narrators’ about the water story and 
understanding our roles as ‘purveyors’ of water knowledge.

• Being big enough to place science in the hands of the public &
enhancing human capability and understanding.



Think Like an Aztec


